W e describe a case of a 26-year-old female with long-standing type 1 diabetes (T1D), on multiple subcutaneous insulin injections, who had been taking empagliflozin for the past year. She was detected to have severe diabetic ketoacidosis (DKA) with relatively lower blood glucose values during hospitalisation for dengue fever. The factors that precipitated the DKA are discussed, along with the unique challenges in the management of her metabolic status. While sodium-glucose co-transporter-2 (SGLT2) inhibitors have several potential benefits as adjunctive add-on therapy to insulin in T1D, the evidence is limited to short-term studies. However, their off-label use is increasing and there have been concerns related to increased risk of diabetic ketoacidosis. At present, SGLT2 inhibitors are not approved for use in T1D, and the risks should be discussed at length with the patient.
We report a case of diabetic ketoacidosis in a 26-year-old female with long-standing type 1 diabetes (T1D) who was on multiple subcutaneous insulin injections and empagliflozin. Informed consent was taken from the patient for the publication of this report.
Case report
A 26-year-old female, a postgraduate student, with long-standing T1D since the age of 10 presented to the emergency department on the evening of July 2017 with a history of fever for 4 days and a petechial rash over the trunk and upper arms for 2 days. She complained of malaise and loss of appetite but there was no history of rigors or chills, dysuria, diarrhea, vomiting, abdominal discomfort or respiratory difficulty. At presentation, she was conscious and well-oriented and had a fever (temperature 99.8°F), her vitals were stable and she had no hypotension. She had a petechial rash on the upper body and an extensive genital and inguinal mycotic infection, but the rest of the systemic examination was otherwise normal.
For her diabetes, she had been taking multiple subcutaneous insulin injections for several years and her insulin dose requirements had been gradually increasing. Over the past few years, she had gained significant weight and her daily insulin dose was >1 U/kg, but her glycemic control continued to be suboptimal. Her previous endocrinologist had started her on empagliflozin 25 mg per day for the past 1 year. Subsequently, she had substantially reduced her insulin doses due to relatively lower blood glucose values, but self-monitoring of blood glucose (SMBG) was inadequate and she had not followed up with her healthcare practitioner for several months. Her current insulin regimen was 5 units of insulin aspart twice a day with the two largest meals and 16 units of insulin degludec once daily. She had lost some weight, but her current body mass index (BMI) was 29.38 kg/m 2 .
At admission, her random blood glucose by glucometer was 202 mg/dl and she was admitted to the ward for investigations and detailed evaluation. She was started on empirical intravenous ceftriaxone and intravenous saline at a maintenance rate of 75 ml/hour, pending laboratory reports.
Aspart was increased to thrice daily with all three meals, degludec was continued and empagliflozin was discontinued. By early morning, her condition had deteriorated and she complained of extreme fatigue and shortness of breath. She had tachycardia and dehydration but there was no hypotension. With a diagnosis of diabetic ketoacidosis (DKA), she was shifted to the medical intensive care unit and an endocrinology consultation was taken. Standard management protocol for DKA was initiated with intravenous fluids, intravenous insulin infusion and potassium replacement. 
Discussion
Insulin is the mainstay of pharmacological therapy in T1D. However, despite significant advances in insulin preparations and delivery systems, most patients with T1D do not achieve and maintain glycemic targets. 3,4 Thus, SGLT2 inhibition is an attractive therapeutic target in T1D to improve metabolic control.
Several small, short-term studies in type 1 diabetic individuals have explored the potential role of dapagliflozin, empagliflozin, and canagliflozin. [5] [6] [7] [8] [9] [10] Use of SGLT2 inhibitors was associated with improvements in average glucose control, reduced postprandial hyperglycemia and glycemic variability, reduced body weight, and reduced insulin dose requirements. [11] [12] [13] Dual SGLT1/2 inhibitor, sotagliflozin, has also demonstrated significant reductions in HbA1c, postprandial glucose, weight, and insulin doses.
14 A recent systematic review reported that use of SGLT2 inhibitors in T1D was associated with reduction of HbA1c (up to 0.49%) and weight (up to 2.7 kg) and lowered total daily insulin dose, with lower incidence of hypoglycemia. 15 However, there are several potential concerns with SGLT2 inhibitors, including increased risk of genital mycotic infections, urinary tract infections and volume depletion, and long-term concerns about effects on bone health and amputation risk. The most pressing concern in T1D relates to the potential for increased risk of diabetic ketoacidosis. 16 There have been several reports of diabetic ketoacidosis with the use of SGLT2 inhibitors in both T1D and T2D. 17 In phase II and III studies of SGLT2 inhibitors in patients with T1D the incidence of diabetic ketoacidosis has been as high as 3-9%.
14,18-20 SGLT2 inhibitors can increase the risk of diabetic ketoacidosis by several potential mechanisms. 21, 22 By lowering glucose levels by insulin independent mechanism, they may prompt an inappropriate reduction of insulin doses and increase the risk of ketogenesis. Their use is associated with an increase in glucagon secretion, via a direct effect on pancreatic α-cell and also a compensatory rise due to glucouresis. They may also reduce the renal clearance of ketone bodies. Moreover, blood glucose may be lower than typically seen in diabetic ketoacidosis, which has been described as "euglycemic" diabetic ketoacidosis, leading to a delay in diagnosis. 23 The risk of diabetic ketoacidosis is high in individuals with T1D latent autoimmune diabetes and T2D with insulinopenia. In most cases reported so far, including ours, there were clear precipitating factors which could have triggered the ketoacidotic state. Some of these include insulin omission or inappropriate dose reduction, insulin pump failure, acute medical illness or surgery, trauma, dehydration, alcohol intake, or starvation. 24 Our patient had reduced her insulin doses significantly, had not been monitoring regularly, had poor glycemic control (HbA1c 12.5%), and was hospitalized for dengue fever. Even though her dengue fever was not complicated by dengue shock syndrome or dengue hemorrhagic fever, the overall combination of factors along with the use of SGLT2 inhibitors could have triggered the DKA. Her blood glucose was deceptively lower at first presentation, which led to a few hours' delay in the diagnosis.
While the off-label use of SGLT2 inhibitors in T1D is increasing, there is a pressing need to appreciate the lack of long-term studies and the increased risk of diabetic ketoacidosis with their use. If used at all,
